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Earth System Science Server

Constraints

o The Science Information User

= [ want reliable, timely, usable science information products
=Accessibility
=Accountability

a NASA

= We want all this done by a distributed federation of
providers, not just by us.

=Scalability
a The Science Information Provider

= Hey, I'm doing just fine, thanks. Why should I change the
way I use computers to do science?

=Transparency
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Earth System Science Server

Research vs. production computing

Research computing is ... Production computing is ...
o Heterogeneous a3 Robust
= multiple platforms, = reliable, not just correct
applications, languages o Standardized

= can easily substitute

o Idiosyncratic i
_ components for repair,
= researchers typically have upgrade, etc.

highly customized 2 Scaleable
computing environments
= accommodates steady or

2 Problem-driven increasing demand for
= focus on results, not product
processes
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Earth System Science Server

Principles

o Goal

= Help Earth scientists become information providers in a
federated data system

a Prime Directive

= Minimal disruption of a working scientist’s computational
environment

a Ultimate product

= Software, system architecture, and procedures for turning
Earth science projects into ESIPs
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STORAGE MANAGEMENT

Back-Up Bricks
(BUBs™)

™Barely Online Storage Systems, Inc.



Earth System Science Server

Everything Online: Rationale

1 Accessibility

= rapid, electronic delivery
— Providers can’t afford to handle media

— Users can afford high-speed network connections
¢+ E.g. cable modem: 1 GB/hr @ $40/mo — ~$0.06/GB

&% custom (re-)processing
— Not practical if everybody waiting on tape drives

a Practicality

= Costs are plummeting
-1GB < $1
= Reliability is increasing
— RAID = high availability + large filesystems

— geoplexing
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Earth System Science Server

BUBs: $3K / TB (May 2004)

Back Up Brick

it
A write A ( BU B)
read | read
l l (backup)
hedy v
server .
(mirror)

RAID 5 r;untfalic—:r

.
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Earth System Science Server

Before...

i l it
m&"\ muuu%
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Earth System Science Server

.After
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Earth System Science Server

It's Even Better Than We Thought...

EOSDIS STORAGE SIZE AHND COST

(10% online disk, 90% nearline tape rohots)

——8—— [ata Meed TB
—11— %Storage Cost ME
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19m 19493 2000 2002 2004 2006 2003
Tedr

http://research.microsoft.com/~gray/EOS DIS

o 1995 prediction

10 petabytes:
1 PB disk
+ 9 PB tape robots
= $50 million

o 2004 reality

10 petabytes:
20 PB disk
= $20 million

o NB:

10% -> 100% online
Cost /= 2
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METADATA MANAGEMENT

Earth System Science Workbench
(ESSW)



Earth System Science Server

Using Existing Science Applications

o No “standard” @

Earth science computing environment Receive
= commercial packages (ArcInfo, MATLAB, ...) l
= public packages/models (MM5, MODTRAN, ...) |ingest and Calibrate
= |ocally-developed codes l
= arbitrary combinations of | Navigate
O Example: SST from AVHRR — — — (Manual/Automatic)
= commercial, standalone programs i
= parameters highly customized for UCSB %anstérsfg%
o How do we get these programs to i
= communicate Rectify

= cooperate

with ESSW, without rewriting them? @
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Earth System Science Server

Wrap Your App: Scripts Talk to ESSW

o No changes,
just additions

» Wrapper scripts

— Make program (groups)

look like ESSW
experiments

= ESSW daemon

— Converts wrapper
output to database
input

= ESSW database

— Stores converted
wrapper output

XML + SQL Python API @
ESSW FusssssssnnsFrFiaaaannnnns -
daemon Receive i
- Ingest and Calibrate |-
ESSW 4_. Navigate :
Database -| (Manual/Automatic) |-
4_.: Sea Surface
: Temp (SST)

Postgl;_reSQ
JoB @
C
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Lineage Metadata:
Parent/Child Pairs

Parent Child
1 a
2 a
a 3 Group 1:
workflow invocation X
a 4
4 b
b 3
S ¢ Group 2:
C 6 workflow invocation Y
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Conveying Lineage Metadata
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Conveying Lineage Metadata




Conveying Lineage Metadata




Lineage Metadata:
RDF Triples

inputTo
inputTo
createdBy
createdBy
inputTo
createdBy
inputTo
createdBy

O T OO0 bhwooOOh,hA,ON-

createdByWFI
createdByWFI
createdByWFI
inputToWFI
createdBYWFI
usedByWFI
usedByWFI
usedByWFI

XXX < <S<XXX00TOoY DO W




a C:Documents and Settingstrbose' My Documents'Research’papers'ssdbm_2004% presentationlineage_md - Microsoft - |EI |£|

Fle Edit Wiew Favorites Tools Help ﬁ
#Back v = v @ [ &} | A~ S
Address I@ A\Documents and SettingsiyboseiMy DocumentsiResearchipapersissdbm_2004 presentationyineage_md_rdf_exampleVineage_with_rdf.xml j korton Antivirus &
<l-- 2. Data guality il
-

- < Data_Quality_Information=
<’Logical Consistency Report}Strlng-::jLoglcal Consistency_Report:-

xmlns:rdf="http:/ fwww.w3.0rg/ 1999 /02 / 22-rdf-syntax-ns#"
xmlns eill="http: / /www .bren.ucsb.edu/student/phd/rbose/eill #"
xml:base="http: / /www.bren.ucsb.edu/student/phd/rbose/ocl /rdf_example/" >
- <rdf:Description rdf:about="820020332002040.L3m_8D.chlor_a.SBchnl.bin_md_.xml">
<eill :inputToDT rdf:resource="ctot_calc_20030123_000000_md_.xml" />
< /rdf: Description =
- <rdf:Description rdf:about="820020332002040.L3m_8D.mcsst.SBchnl.bin_md_.xml" >
<eill :inputToDT rdf:resource="pbopt_calc_20030123_000000_md_.xml" />
< /rdf: Description =
- <rdf:Description rdf:about="820020332002040.L3m_8D_PAR.SBchnl_md_.xml" >
<eill :inputToDT rdf:resource="ppeu_calc_20030123_000000_md_.xml" />
< /rdf: Description =
- <rdf:Description rdf:about="pbopt_calc_20030123_000000_md_.xml">
<eill :usedInputDP rdf:resource="820020332002040.L3m_8D.mcsst.SBchnl.bin_md_.xml" />
<eill :created DP rdf:resource="af_pbopt_20040121_ 122429 md_.xml" />
< /rdf: Description =

< /rdf:RDF>
< /Lineage >
-::,:‘Data Quallty Information > ~|

&) Done C [ &My computer y




NAMESPACE MANAGEMENT

MODster / DODSter



Earth System Science Server

Global Names: Hierarchical

1 General form: server/authority/name

= Server: interprets names
— Knows how to contact authority
— If web server then name is a URL

= Authority: assigns names
— Must be well-known

= Name: unique within authority
— Can include any semantics the Authority wants

(based on Kunze’s ARK proposal)
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Earth System Science Server

Global Name Example: MODster

a MODIS granules have standard names
= E.g. MOD03.A2001001.1550.002.2001017185332

a Create a NASA global name authority

= E.g. MODIS

a Set up a global name server
» E.g. http://essw.bren.ucsb.edu/modster

a Tell name server where MODIS granule lives

o Name server redirects

http://essw.bren.ucsb.edu/modster/MODIS/MOD03.A2..

to your URL

Frew / ESTC 2004 / 2004-06-23
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ADL and MODster
GET MODster-URL

—

— v
302 Found
Location: actual-URL

} 1 what you do

MODster server

LT

cI|entE§ 5 EJ::D | what actually happens
—— || data server
GET actual-URL — |
: 4
200 OK

(data stream)



Earth System Science Server

DODS URLs

a Parts of a DODS URL
* http://machine/nph-dods/granule.ext?constraint

= ext selects type of information returned
— Values: das, dds, info, html, dods, asc

» constraint modifies data returns (dods, asc)

— Select variables or parts of variables
- E.g.: x,y,2[10:20]

1 Metadata
» das and dds (for machines)
= info (as html)
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Earth System Science Server

Using DODSter

a2 Combine a MODster URL
with a DODS ext (and maybe also constraint)

MODster URL.:
http://essw .. /modster/MODIS/MOD03.A2 .. .hdf

+ DODS ext for data:
.dods?SST[1000:1500][525:625]

= Complete URL:

http://../modster/MODIS/MOD..hdf.dods?SST[1000:1500] [525:625]
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Earth System Science Server

http://.../MODIS/data_granule?operation

MODster server
what you do

ask for operation on l:_.l
specific data granule —~
. . redirect .
application
on client
machine what actually happens

http://.../dods?operation&dataURL

return what you

Iy ask for dataURL  f=——=
asked for i h
- return data —
perform operation "= e
on data
DODs server actual data

server



Earth System Science Server

How DODSter works

a2 MODster: who can provide DODS services?

= DODS-capable MODster sites register themselves as:

— MODIS/{regular expression}, DODS base URL

+ MODIS: identifies namespace
¢ {regular ex}: part of namespace this server can handle

o DODS Base URL: relevant DODS server

a DODS: operate on remote data

= Extend URL syntax to:
http://../nph-dods/MODster URL.DODS ext?constraint

= e.g.:
http://../nph-dods/http://../modster/MODIS/MODA3...hdf.das
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SEARCH AND EVALUATION

Alexandria Digital Earth Prototype
(ADEPT)



ADEPT: Earth System Science Server
Technology for Digital Libraries

a Alexandria Digital Earth ProtoType (ADEPT) is:
= Distributed digital library for geo-referenced information
= Services supporting DL federation and interoperation
= Large geospatial collections

a Distributed, heterogeneous collections
= Locally, autonomously created and managed

= Minimal requirements on collection providers
— allow use of native metadata

a Uniform client services
= Common high-level interface across collections
= Discover / exploit (collection-specific) lower-level interfaces
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Earth System Science Server

ADEPT System

o Architecture o Components

» Item = Footprints

— structured descriptions ~ location(s) < holding

(“reports”)

- [ | Z r-
—~ contents (optional) Gazettee

— name <> footprint

. Library = HTTP

- set of collections - service <> URL(S)

— client (public) services

= Buckets

= Collection — generic query metadata

- set of items

— library (internal) services = XML

— all visible messages
¢ queries

o = distributed catalog system « Mmetadata reports
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Earth System Science Server

ADEPT Services

Clients
= Configuration — {collection-id}
% Collection(collection-id) — report
% Query(query) — query-id
% Results(query-id) — {holding-id}
% Metadata(collection-id, holding-id, view) — report
Libraries
= Collection — report
= Query(query, accumulator) — query-thread
% Metadata(holding-id, view) — report

Collections
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The Big Picture

Earth System Science Server

>

client
library library
(middleware server (middleware server)
collection proxy (io”ecﬂon
v
collection

&

N

\ADEPT

item

B B
item item item
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Earth System Science Server

The Little Picture

_ identifier
<3ucket view |

Qrowse view

DL resource
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Earth System Science Server

Metadata Reports

a Collection
= Metadata that applies to entire collection
o Bucket

= Jtem’s bucket metadata

= Scan
— Brief (“1-line”) subset of bucket report

a Full
= All the item’s metadata, in whatever format
2 Browse
= URL(s) — reduced-resolution {graphics,histograms,...}

o Access
= URL(s) — {content,services,...} (if available)
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Earth System Science Server

ADEPT "Bucket” Concept

a Abstract metadata category
= Strongly typed
= Defined search semantics

— query terms
— defines query operators

= Explicitly mapped from source metadata
- e.g.: (FGDC, 1.3, Time period of content, 2001-09-08)

o Bucket-level search

= uniform across all collections

— search all collections for items whose Originator bucket
contains the phrase “geological survey”
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Earth System Science Server

ADEPT "“"Core” Buckets

a Subject-related text (textual)
= Title
= Assigned term

1 Originator (textual)

1 Geographic location (spatial)

a Coverage date (temporal)

a Object type (hierarchical)

o Feature type (hierarchical)

a Format (hierarchical)

o Identifier (qualified textual)

Frew / ESTC 2004 / 2004-06-23
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Earth System Science Server

ADL access framework

a “Access point”

= a single, independently accessible representation of the
resource or subcomponent of the resource

= four types

a Hierarchy mechanisms
= Decomposition (multipart)

= Alternatives
— multiple equivalent formats

— individual components vs. single aggregate
+ NB: hierarchy mechanisms nest
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Earth System Science Server

Types of access points

o Download
= URL; format, MIME type, encodings, size

a Service
= URL; protocol, definition

o Web interface
= URL

a Offline

= reference or citation
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Earth System Science Server

Example

a U.S. Geological Survey "Digital Raster Graphic”
(scanned topographic map)

= multiple components (files)
- image
— Metadata

= multiple download options
- TIFF
— MrSID (hierarchical multiresolution)

= multiple offline locations
— depository libraries

Frew / ESTC 2004 / 2004-06-23
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Earth System Science Server

ADEPT Web Client
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